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SUMMARY
The pineal gland, the transducer of several environmental cues through its hormone, melatonin, is known to play a
critical role in the reproduction of several seasonally breeding mammals. The role of pineal gland in the control of male
reproduction is already established beyond doubt. The logical hypothesis that the pineal gland would be involved in the aspects
of female reproduction, particularly gestation, embryonic development and fetal growth, has been tested in a few seasonally
breeding mammals and this paper reviews the outcome as of now. Evidence for establishment of an inverse relationship before
pregnancy followed by moderately high activity with a positive correlation during pregnancy and a sudden increase in pineal
activity during parturition has been produced, which suggests that high melatonin level has something to do with parturition or
early abortion. The pineal gland perhaps maintains the normal physiology during gestation and post-parturition periods. This is
further reflected in the prolactin levels of fetal sheep which is modulated by the photoperiod experienced by the mother during
gestation. Maternal photoperiodic exposures during gestation and lactation periods alter the neonatal growth and sexual maturation of the Indian palm squirrel via the maternal transfer of photoperiodic information through the pineal gland, as aspect
known as “pineal programming”. The primary source of melatonin for the fetus is the maternal pineal gland, which is transferred across the placenta during conception and, later after parturition, through the milk, which suggests that a maternally
generated melatonin rhythm would be expressed in fetal cerebrospinal fluid as well as in the circulation. Further, maternal
melatonin is necessary for normal somatic growth and postnatal development of reproductive organs of the offspring. Melatonin
ultimately affects reproductive activity by modulating hypothalamic neuroendocrine circuits whose activity is necessary for
gonadal function. The influence of melatonin on reproductive development begins during the prenatal period and extends into
the postnatal life. Photoperiodic information, mediated via the pineal gland may be important for maintaining gestational
physiology as well as postpartum recovery in female rodents. Further, melatonin has been shown to play adaptive role in the
maintenance of delayed embryonic development in bats. Correlation between a developmental decline in melatonin levels and
the timing of puberty in humans led to the speculation that melatonin regulates the timing of puberty in the human. These
studies on the influence of melatonin on gestation indicate two major inferences viz., melatonin could be one of the major
hormones establishing homeostasis during gestation since any disturbance in the level of melatonin causes abortion, and
melatonin is one of the hormones of great adaptive significance for embryonic diapause.
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INTRODUCTION
Reproductive function in mammals consists of
an intricate interplay of hormonal events that are responsible for the development and maturation of gametes,
puberty, major events of the reproductive cycle (i.e., ovulation and sexual receptivity) and preparation of the uterus
for the possible implantation of embryos.
The pineal gland is known to play a critical role in
the reproduction of several seasonally breeding mammalian species (1). The seasonality of reproduction is
usually enforced by a dependence on the day length perceived, which in turn regulates the synthesis of melatonin, the pineal hormone. The daily duration and the level
of melatonin regulate the secretion of gonadotropins /
gonadal steroids. They regulate the breeding in long day
breeders such as squirrels, ferrets, voles, hamsters etc.
(2-5). In the broadest sense, then, melatonin influences
reproduction by restricting the season of conception

enabling the offspring to be born under the most favorable environmental conditions.
The role of pineal gland in the control of male
reproduction has been quite clearly established. However,
its role in female reproduction, especially during gestation, is not clear, although the females allocate the maximum energy towards the begetting and bear most of the
cost of reproduction. The pineal gland of the female provides indications of higher activity, with a higher circulating level of melatonin during the reproductive period (6).
Therefore, it is conceivable that the pineal gland is involved in the aspects of female reproduction, particularly
gestation, embryonic development and fetal growth. Until a little more than a decade ago there was no information on i) the influence of pineal gland on gestation, ii) the
influence of pregnancy on the metabolism and function
of pineal, and iii) the interrelationship between maternal
and fetal pineal glands.
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The influence of melatonin may begin during
gestation i.e., the prenatal period, and could extend into
the postnatal period (7). The earliest report on such a
relationship, published in 1965, was decrease in the weight
of pineal during the later part of pregnancy in rats bearing 10 or more fetuses, suggesting the involvement of
pineal in gestation and fertility (8). In the present review
we analyze the data so far generated by us on the role of
pineal gland during gestation and fetal development using tropical mammals (squirrel and bat) and by others in
laboratory animals (rat and mouse) and humans.
MATERNAL
MELATONIN

PINEAL

MORPHOLOGY

AND

Systematic and detailed studies on pineal gland
structure and function in pregnant females are lacking.
The cursorial reports on sheep, cattle and rat pineal gland

suggest some morphological and hormonal changes during pregnancy in relation to the physiological conditions
of the reproductive organs (6).
Ultra-morphometric variation of the pinealocytes
of a pregnant female rodent, the Indian palm squirrel,
correlating with the functional state, was studied in our
lab (9). The pinealocytes of the pregnant females possess two variants of mitochondria, based on size, which
form mitochondrial clouds (Fig. I D). The Golgi zone appears to be hyperactive. A large number of granular
vesicles are noticed in the pinealocyte cytoplasm and in
the bulbous ending processes of the pinealocytes (Fig I
A-D). A few dense bodies of unknown function are also
noticed. The increased abundance of synaptic vesicles
in the cytoplasm and the ending processes of the
pinealocytes of pregnant females indicate better cellular
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communications and transmission than in the non-pregnant females. Such a comprehensive study is not available for any other mammal.
The pineal gland weight and melatonin level,
which were high in the non-pregnant female rodents, declined sharply during the beginning of conception, followed by a gradual increase up to the end of gestation,
and then a sharp increase during parturition (10). This
suggests the establishment of an inverse relationship
before pregnancy followed by moderately high activity
with a positive correlation during pregnancy and sudden
increase in pineal activity during parturition. This may
mean that the very high melatonin level has something
to do with parturition or early abortion.
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Name of Gestation
animal
period
(days)

Effect of
pinealectomy
on gestation

Rat

21

Spontaneous abortion Post natal ontogeny
of the neuroendocrine
reproductive axis

Hamster

16

-

Delayed sexual
maturation in
offspring

Skunk

31

-

Delays implantation
and long term
suppression of
prolactin levels

Indian Palm
Squirrel
45

-

May disrupt the
mother’s endogenous
melatonin rhythm and
delay the post-partum
recovery process.

PINEAL GLAND, MELATONIN AND GESTATION
Pregnancy is the period during which an animal
carries one or more developing embryos. The sequence
of events leading to pregnancy is complex and multidimensional. Maintenance of pregnancy is largely dependent on a proper balance between the levels of various
hormones, which are maintained by interactions between
the mother, the placenta and the fetus.
Whether pregnancy would affect the pineal gland
structure and function is not clear but some preliminary
studies suggest that the pineal gland is involved in the
regulation of certain aspects of gestation (6, 8). An elaborate study on the weight of organs and plasma levels of
melatonin, estradiol and progesterone during the gestation period was made in the Indian palm squirrel. The
outcome suggested a possible role for pineal gland in
maintaining the normal physiology during gestation and
post-parturition periods (10). In spite of the inverse relationship between the pineal gland and the gonad in the
non-pregnant adult females, the study indicated a direct
relationship between the pineal gland activity and the
ovarian steroids and uterine function, especially during
the gestation period. The inverse relationship between
melatonin and ovarian steroids is re-established after
parturition and maintained till the next pregnancy (10).
In order to assess the role of melatonin during
pregnancy, the hormone was infused at regular intervals
into pinealectomized dams (Table 1). Melatonin infusion
during the night hours determined the rate of pubertal
development. A single gestational melatonin infusion did
not influence postnatal reproductive development, but two
infusions on consecutive nights provided a sufficient signal. A period of maximum sensitivity to melatonin infusions occurs during late gestation. Outcome of studies
using timed injection of melatonin (rather than infusions)
supports the conclusion that melatonin is a critical cue
for transfer of day length information to the fetus (11).

Effect of melatonin
injection/
implantation

Bat

Sheep

90-120

150

Abortion

-

Delayed embryonic
development
Delayed sexual
maturation

Prolactin levels of fetal sheep can be modulated
by the photoperiod experienced by the mother during
gestation. Long days resulted in higher prolactin levels
(12), while melatonin implants reduced prolactin levels
(13, 14) acting via the pars tuberalis (15, 16). In skunks,
melatonin treatment delays implantation by several
months and a long-term suppression of prolactin levels.
Ablation of the suprachiasmatic nuclei (SCN) does not
block the effect of exogenous melatonin (17). In contrast,
anterior hypothalamic lesions cause precocious termination of diapause, regardless of the melatonin milieu (18,
19). It is not clear whether melatonin acts within or through
the anterior hypothalamus. The anterior hypothalamus
may be a leg in the final common pathway in prolactin
regulation downstream of the melatonin target sites. Considering that high affinity melatonin receptor binding is
limited to the pars tuberalis in skunks (20), these data
suggest a model in which melatonin regulates production
of a factor from the pars-tuberalis that influences prolactin secretion. A similar suggestion has been made to explain the influence of melatonin, mediated by the pars
tuberalis on prolactin secretion in sheep (21).
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MELATONIN, PHOTOPERIOD AND GESTATION
In spite of the extensive research on female
reproduction, it is not clear how information about the
factors of the environment (photoperiod, temperature,
humidity etc.) and the others (hormonal and metabolic)
are transferred from mother to the fetuses. Only a few
reports are available suggesting the phenomenon of
maternal transfer of photic information to young ones via
the pineal gland (Fig. II). However, the impact of maternal photoperiodic exposures on the growth, pineal
functions and sexual development of neonates is
lacking. During gestation, the mother provides protects
the fetus from the external environment and generates
signals which allow the fetus to perceive the length of the
day as well as the phase (timing) of the light-dark cycle. It
is remarkable that the mother is actively involved in
transferring environmental cues to the fetus during the
prenatal period.

Fig. II Diagrammatic representation of transfer of
photoperiodic information from mother to fetus
As pregnancy nears the term, the fetuses race to
prepare themselves for life outside the uterus with the
development and maturation of various neuronal and
humoral systems in a protected intrauterine environment.
Studies in several mammalian species show that during
fetal life a biological clock in SCN is oscillating in phase
(time) with the environmental light-dark cycle and this
fetal clock is entrained by reluctant circadian signals (22).
Light-induced neural signals are conveyed to SCN
by the mother’s retino-hypothalamic pathway (RHP) en-
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training her circadian rhythm. But, some questions regarding the maternal transfer of photoperiodic / hormonal
information still remain unsolved. Photoperiodic information reaches the fetus during prenatal life and can have a
dramatic impact on reproductive development. Stetson
et al. (23) opined that the photoperiodic condition experienced by the mother, especially during gestation is communicated to the fetuses either in a stimulatory or in an
inhibitory manner for their pineal gland activity.
The pineal gland is known to play an intermediary role between the environment and the endocrine system (Fig. III) (24, 25). Therefore, a direct influence of the
maternal pineal gland on the growth and sexual development of the offspring is conceivable. Horton (26), Stetson
et al. (27) and Horton et al. (28), working with Montane
voles and Siberian hamsters, have suggested that the
information transfer from the mother to the fetuses occurs during the prenatal period and not during lactation.
Maternal photoperiodic exposures during gestation and
lactation periods alter the neonatal growth and sexual
maturation of the Indian palm squirrel via the maternal
transfer of photoperiodic information through the pineal
gland (10). Our several papers established the above
relation in a diurnal rodent, the Indian palm squirrel. The
results suggest that prenatal photoperiod has critical impact on postnatal reproductive development. Pups reared
in an “intermediate” postnatal photoperiod differ in their
rate of reproductive development if the prenatal photoperiods experienced by their mothers differed (23, 29,
30). At more extreme photoperiods, the postnatal photoperiod “overrides” the influence of the prenatal photoperiod (27, 29). Several groups of researchers have shown
that the maternal pineal gland is necessary for prenatal
communication of day length information and this information profoundly influences postnatal reproductive and
somatic development (28, 30). Studies using timed injection of melatonin to pregnant mothers support the conclusion that melatonin is a critical cue for the transfer of
day length information to the fetuses (27, 31). Considering the role of pineal gland in photoperiodic regulation, it
appeared likely that removal of the maternal pineal gland
would prevent prenatal perception of day length. Lee and
his colleagues (32-34) have shown that the prenatal development of meadow vole pups ( Microtus
pennsylvanicus) is influenced by the prenatal photoperiods and prenatal melatonin treatment (32-34).
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Fig. III. Hormonal levels in pregnant (P) and non-pregnant (NP) in Indian
palm squirrel, Funambulus pennanti.
Maternal transfer of photoperiodic information has
been referred to as “prenatal programming” of postnatal
reproductive development (27, 31). The developing animal takes a reading of the day length (melatonin duration) during the late fetal life and compares this with the
melatonin signal derived from the developing pineal
around 15-20 days of age (2). This model suggests that a
postnatal melatonin pattern is interpreted differently depending on an animal’s prenatal photoperiodic history.
Melatonin is, thus, an important component of the perceptual world of the fetus. In this context, it may be worth
considering melatonin as a pheromone (a chemical substance from one member of a species which communicates information to another) rather than as a hormone.
SOURCES OF MELATONIN FOR THE FETUS
The primary source of melatonin for the fetus is
the maternal pineal gland. Robust rhythms in melatonin
have been measured in pregnant mammals (35, 36) and
although the fetus may have some capacity for melatonin production, any secretion would be low and without
rhythmicity. The melatonin rhythm in the maternal circulation is accurately reflected in the fetus. Melatonin levels in the fetal plasma are closely parallel to those in the
maternal plasma. Rapid transfer of maternal melatonin
across the placenta has been demonstrated in several
rodents, sheep and non-human primates (14, 36-40).
Furthermore, maternal pinealectomy abolishes the rhythm
of melatonin in the fetal circulation (36, 41). It is likely
that the fetus has a functional circadian pacemaker in
the SCN through out the gestation. Since the fetal pacemaker expresses melatonin-binding sites, it is also likely
to be a target of maternal melatonin. Thus, it is possible

that the maternal melatonin can affect the fetal SCN with
consequences for the prenatal and postnatal expression
and entrainment of circadian rhythms.
Some possible role of melatonin in the fetal development of Indian palm squirrel, Funambulus pennanti,
has been proposed by Bishnupuri and Haldar (9). The
inability of the fetal and neonatal rat to synthesize melatonin does not necessarily mean that the developing rat
lacks melatonin. Indeed, evidence is available which indicates that the mother is an important source of melatonin for the developing fetus and neonate. Melatonin can
be transferred from mother to fetus in two ways:
1. Placental transfer of melatonin has been demonstrated. First, it was shown that a small amount of (3H) melatonin injected intravenously into pregnant animals
during the later stages of gestation promptly appear in
the fetal circulation and that the rates of disappearance
of radiolabelled melatonin in the maternal and fetal circulation are parallel. In another experiment, a diurnal
change in maternal melatonin, experimentally simulated
on a reduced time scale, results in a rapid reflection of
the rhythm in the fetal circulation. Rapid placental transfer of melatonin is quite predictable in view of the lipophilic, non-ionized properties of this small molecule (9).
Another important finding of the placental transfer study
was maternally derived (3H)-melatonin rhythm in fetus.
This indicates that a maternally generated melatonin
rhythm would be expressed in fetal cerebrospinal fluid
(CSF) as well as in the circulation, since it has been shown
that in the adult mammal the rhythm in circulating levels
is precisely reflected in the CSF. Both the routes may
deliver the hormone on a daily basis to the fetal brain
where melatonin would potentially exert its effects.
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2. The second pathway is via mother’s milk. A part of

MELATONIN AND PUBERTY
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( H) melatonin injected intravenously to lactating female
was also found in the mammary gland and in the stomach of suckling pups. This is because the melatonin
rhythm in the fetus is established after 1 week or 10 days
postnatally. The melatonin rhythm in the fetus is driven
up to one week by the maternal melatonin present in the
milk (42).
MELATONIN IN EMBRYONIC GROWTH AND
SURVIVAL

Melatonin ultimately affects reproductive activity by modulating hypothalamic neuroendocrine circuits
whose activity is necessary for gonadal function. The influence of melatonin on reproductive development begins during the prenatal period and extends into the postnatal life. Melatonin influences the other neuroendocrine
parameters in the developing animals prior to puberty.
In many seasonally breeding species, the timing
of initial reproductive development (sexual maturity or

Melatonin is generally viewed as remarkably non-

puberty) is strongly influenced by day lengths experienced

toxic (43, 44) and this also appears to be the case during

during the postnatal period. The most well studied spe-

fetal life. Melatonin is without effects on the develop-

cies include Siberian hamsters, Indian palm squirrel and

ment of mouse embryos in vitro (45). Another study re-

sheep. Administration of melatonin in the appropriate tem-

ports that melatonin does produce toxicity to embryos

poral (durational) patterns can influence the timing of

(46). An influence of melatonin injection on embryonic

puberty in these species. Exposure to long days stimu-

survival has been reported in meadow voles (47). Mela-

lated postnatal reproductive development. Infusion of long

tonin injections (10µg) reduced survival rates of female

day patterns of melatonin, similarly, stimulates gonadal

(but not male) pups when given prior to blastocyst im-

growth, while short day patterns of melatonin suppress

plantation. Injections later in gestation were without ef-

puberty. While the details are species-specific, the same

fect. This effect of melatonin may underlie seasonal

general phenomenon exists in the other photoperiodic

changes in litter size and, perhaps, seasonal changes in

species. Specific photoperiodic requirements must be met

sex ratios. The mechanism by which melatonin modu-

to allow rapid pubertal development, and these photope-

lates prenatal mortality in a sex-specific manner is not

riodic requirements are transduced to the neuroendocrine

known. However, the melatonin binding and the density

axis by melatonin. In general, puberty occurs at about

of melatonin binding sites are more in the fetal than the

the same time of the adult maturing season and, there-

adult brain.

fore, is also a photoperiodic reproductive phenomenon.

Pinealectomy of the mother produced an altered
developmental pattern in the offspring of rat. During the
infantile period when pups are lacking maternal melatonin due to pinealectomy and their own melatonin rhythm
is yet to be established, a delayed growth of body was

In species with rapid development (e.g. rodents), animals
born early in the year mature rapidly and reproduce within
the same season, while in animals born at the end of
breeding season, puberty is delayed until the beginning
of the next season.

observed. Significantly greater growth rate was observed

The photoperiod experienced by females during

in pinealectomized offspring during the pubertal period

their gestation period may influence the pineal physiol-

than in the control offspring, which could be due to the

ogy of fetus but nothing has been reported about the

increase in LH secretion up to normal values observed in

growth and sexual development of the young ones. Stud-

the pinealectomized offspring. Melatonin treatment dur-

ies on the maternal transfer of photoperiodic information

ing pregnancy produced minor alterations in postnatal

in mammals indicate that the daily photoperiod perceived

development of the reproductive tract. Maternal melato-

by the mother during the gestation and lactation periods

nin is necessary for normal somatic growth and postnatal

is communicated to the fetus either through the placenta

development of reproductive organs of the offspring (48).

or via the milk. In a seasonally breeding Indian tropical
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rodent Funambulus pennanti, constant light (LL: 24L: 0D)

centration, showing statistically significant differences with

and long day length (LDL; 14L: 10D) exposure to gestat-

the control levels and with the pin-x group. The percent-

ing females conveyed opposite information to the fetuses

age of rats in proestrus was higher in the offspring of

and inhibited fetal pineal function. Short photoperiod (SDL;

pinealectomy (78.6%) compared to control offspring (30%)

10L: 14D) exposure to gravid females stimulated pineal

and offspring of melatonin-treated rats (11.8%). The

function of the pups. Altered pineal functions of the pups

pituitary weight was significantly lower in the offspring of

ultimately interfered with their growth and sexual matu-

pin-x rats than in the other two groups (50).

ration. We, therefore, suggested that photic information
perceived by the mother during gestation alters her own
normal melatonin level, which passing through placenta
or through milk influences sexual maturation of the young
ones (10). The maternal pineal gland can affect fetal development because the main pineal hormone, melatonin, can cross the placental barrier. Melatonin treatment

Menstrual cyclicity is associated with fluctuations
in melatonin production but whether they are related to
ovulation or menstruation is not established. Menopause
is associated with a reduction in melatonin, which may
relate to the changing gonadotropin levels. In males of
the same age melatonin levels also drop with no significant alteration in reproductive physiology (51).

during gestation in the rat produced delayed sexual maturation of the female offspring (49). The maternal pineal
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gland participates in the cellular and nuclear volumes of

BATS

prepubertal oocyte development. Melatonin treatment

A fascinating and ecologically important role for

during pregnancy resulted in a redirected postnatal oo-

melatonin in regulating reproduction during early fetal life

cyte development (49).

is in the initiation and maintenance of seasonal embry-

Alterations in photoperiodic condition during late

onic diapause (52). The period of delayed implantation

gestation and lactation altered the postpartum recovery

(embryonic diapause) is regulated by the environmental

process. Pineal gland activity, as assessed by pineal mass,

light cycle via melatonin. Seasonal embryonic diapause

protein content and plasma melatonin, was the lowest

occurs in many different mammalian species, including

during the breeding phase, but increased gradually after

mustelids (eg., skunks, ferrets, badgers, weasels, mink),

parturition until the next breeding phase. During gesta-

pinipeds (e.g. Australian sea lions and Antarctic fur seals,

tion and lactation, constant light, long day length and short

harbor seals), insectivores (several bat species), canids

day length conditions were less effective, while constant

(wolves and coyotes), bears, and marsupials. Western

dark condition had a profound effect in depressing pineal

spotted skunks, tammar wallabies and mink have been

gland activity, which subsequently advanced postpartum

studied most extensively with respect to the role of the

recovery. Hence, lactating females under constant dark-

pineal and melatonin. In each of these three species,

ness prepared themselves for the next mating much ear-

pinealectomy or denervation of the pineal prevents sea-

lier than females under natural day length (12h light: 12h

sonal embryonic diapause, and melatonin treatment in-

dark) conditions. Therefore, photoperiodic information,

fluences the length of diapause (17, 18, 53-56). The data

mediated via the pineal gland may be important for main-

from all these species are consistent with the interpreta-

taining gestational physiology as well as postpartum re-

tion that melatonin acts in the pregnant female to influ-

covery in female rodents.

ence neuroendocrine function, particularly prolactin secretion and that diapause is caused by alterations in the

The offspring of melatonin-treated rats showed
later vaginal opening than did control and pinealectomized
offspring, which was accompanied by a lower LH con-

uterine environment. Melatonin does not appear to affect
the embryo directly.
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The flying mammalian group, Chiroptera, is

It could be suggested that high maternal melatonin flow

known for its various reproductive delays. There may be

via the placenta reached the fetus and retarded the growth

stressfull situations in the wild (for example, lack of sup-

and development of the fetus since melatonin is having

port food or roosting sites) in which case the ability to

an inverse relationship with growth hormone. Therefore,

delay pregnancies would be of considerable adaptive

melatonin may play an adaptive role in the maintenance

value. The delayed embryonic development (DED) has

of DED.

been described by various workers as a phenomenon of
adaptation to unfavorable environmental conditions. Since
pineal gland is the mediator between the environmental
changes and adaptation to seasonal reproduction, a role
for pineal gland was suspected in delayed embryonic
development of chiropterans. According to Sandyk et al.
(57) melatonin stimulates progesterone secretion that
prevents the immunological rejection of the trophoblast.
It has been demonstrated that melatonin levels
in the plasma increase during gestation, reaching high
values at the end of this period, suggesting that the hor-

The target of melatonin on the uterus is the myometrium, where we found receivers for the MT1 and MT2
melatonin receptors, through which they can modulate
myometrial operation, inhibiting the spontaneous contractions induced by the oxytocin (63-65). However, Zhao et

al. (66) reported the presence of the MT1 receptor in the
endometrial stroma, which decreases progressively during the decidualization, staying in this state until the end
of the gestation.
MELATONIN IN HUMAN GESTATION AND FETAL
DEVELOPMENT

mone plays an important role in the maintenance of the
gestation (10, 35, 57-60). However, little is known about

Correlation between a developmental decline in

the importance of the melatonin on the implantation pro-

melatonin levels and the timing of puberty in humans led

cess.

to the speculation that melatonin regulates the timing of
puberty. Subsequent investigation indicated that this deWe found a high melatonin and estrogen ratio

during DED beside the high androgen, as reported earlier in fruit bats (61). Any disturbance in this ratio (following pinealectomy (Px), melatonin injection or photoperiodic exposure, which may disturb internal melatonin level,
leads to termination of DED either as immature delivery
or abortion. Furthermore, Sandyk et al. (57) suggested a
functional deficiency in the melatonin production at the
beginning of the gestation may cause spontaneous abortion in cases where chromosomal anomalies and struc-

velopmental decline in melatonin levels is due at least in
part to developmental changes in body mass (and thus
volume of distribution) and is without a strict relationship
to pubertal development. While endogenous melatonin
does not appear to play a role in timing human puberty,
data are not available to draw a conclusion with respect
to the effects of exogenous melatonin on puberty in humans. In the case of humans (pregnant women), pineal
concretions were found in a much higher percentage than
in women who had never been pregnant.

tural abnormalities of the uterus were excluded. The
pinealectomy, the constant illumination or association of

Serum melatonin levels during the third trimes-

these factors induce a reduction of the blastocysts num-

ter of pregnancy (76.5+/- 38.3pmol/l) were significantly

ber implanted in female rats besides stimulating the de-

higher than those during the first (29.7+/-9.9 pmol/l) and

velopment of the implantation sites .This would indicate

the second trimesters (39.1+/-11.2 pmol/l) and those of

that the melatonin can have an important function in the

non-pregnant control women (41.7+/-15.5 pmol/l). There

viability of implantation of the blastocyst and in the pro-

was a positive correlation between the week of gestation

cess of formation of the placenta in these animals.

and serum melatonin at 11.00 h with a clear diurnal rhythm

Pinealectomy followed by immediate high dose of mela-

in serum melatonin concentrations both in early and late

tonin maintains pregnancy in short-nosed fruit bats (62).

pregnancies. The amplitude and duration of the noctur-
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nal rise of melatonin were higher during late pregnancy,

(UGC) and the Council of Scientific and Industrial Re-

but there was no clear phase shift. Increased serum con-

search (CSIR), New Delhi, for financial support and

centration of melatonin in late pregnancy may be due to

Alexander von Humboldt foundation, Bonn, Germany for

increased synthesis and secretion or retarded metabo-

equipments.

lism of melatonin during late pregnancy (35).
In the case of human newborns, melatonin lev-
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